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ABSTRACT: 

PURPOSE: To improve the self-discharge characteristics by providing a 
negative pole consisting of lithium or lithium-included alloy, a positive pole, 
and electrolyte consisting of solute and solvent, and using solvent consisting 
of a specified compound for said solvent. 

CONSTITUTION: A negative pole comprising lithium or lithium-included allow, 
a positive pole 7. and electrolyte comprising solute and solvent are provided, 
and for the solvent, solvent comprising at least one compound selected among a 
group including vinyl ethylene carbonate, 2-vinyl-1,3-dioxiolane, 1,2-dimetoxy 
ethylene, divlnyl ether, N-vinyl imidazole, vinyl amine, and vinyl cyclohexane 
which include unsaturated carbon-carbon bond in a chain is used. Reaction of 
the solvent with the negative pole 1 during storage of a battery is thus 
restricted. Discharge characteristics after storage can thus be improved as 
well as the initial discharge characteristics. 
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Claim 

A nonaqueous electrolytic cell, characterized by the fact that it is equipped with a 
negative electrode formed of lithium or a lithium alloy containing lithium, a positive electrode, a 
solute, and a solvent; and as the above-mentioned solvent, a solvent composed of at least one 
compound selected from a group comprised of^fljdethjjen e carbo pate, 2-vinyl-l,3-dioxolane, 
1,2-dimethoxyethylene, divinyl ether, N-vinylimidazole, vinylamine, and vinylcyclohexane 
having chain type unsaturated carbon-carbon bonds. 
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Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a nonaqueous electrolytic cell equipped with a negative 
electrode formed of lithium or a lithium alloy containing lithium, a positive electrode, a solute, 
and a solvent. 

Prior art 

Nonaqueous electrolytic cells have high energy density per unit volume and a low 
self-discharge rate. 

On the other hand, as a solute constituting the electrolytic solution, generally, lithium 
perchlorate has been used; however if lithium perchlorate is used, problems exist in the 
low-temperature discharge characteristic of the cell, and since lithium perchlorate has a very 
large oxidizing power, the organic solvent is oxidized. 

As a means to solve these problems, for example, as shown in Japanese Kokai Patent 
Application Nos. Sho 58[1983]-66264 and Sho 58[1983]-163 176, there were techniques that 
improved the above-mentioned low-temperature discharge characteristic and suppressed the 
oxidation of the organic solvent by using a lithium salt containing fluorine as the solute. 

However, if a lithium salt containing fluorine is used as the solute, the cell can material 
corrodes and the cell can material dissolved in the electrolytic solution precipitates on the surface 
of the negative electrode, so voltage drop, discharge capacity reduction, etc., result, so that the 
cell storage characteristic is degraded. 

As a method to solve these problems, the present inventors previously proposed a 
technique lithium nitrate is added to the electrolytic solution. 

Problems to be solved by the invention 

Through the improvement of the solute, etc., various techniques that suppress the 
oxidation and corrosion of a cell can and improve the discharge characteristic and the storage 
characteristic have been proposed, however technical advancement for lowering the 
self-discharge rate has been limited. 

These present inventors have discovered that the cause of self-discharge is due to reaction 
between the negative lithium electrode and the solvent. 

In consideration of said cause, the objective of the present invention is to improve the 
self-discharge characteristic by usinfl a compound havi n g chain type unsaturated carbon-carbon 
bonds and that does not readily react with lithium as the solvent. 
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Means to solve the problems 

Said means is nonaqueous electrolytic cell, characterized by the fact that it is equipped 
with a negative electrode formed of lithium or a lithium alloy containing lithium, a positive 
electrode, a solute, and a solvent; and as the above-mentioned solvent, a solvent composed of at 
least one compound selected from a group comprised of vinylethylene carbonate, 
2-vinyl-l,3-dioxolane, 1,2-dimethoxyethylene, divinyl ether, N-^ylimidazole, vinylamine, and 
vinylcyclohexane having chain type unsaturated carbon-carbon bonds. 

Operation 

As mentioned above, with the use of a compound having chain type unsaturated 
carbon-carbon bonds as a solvent, the reaction of said solvent and the negative lithium electrode 
is greatly reduced. 

Application examples 
Application Example 1 

Figure 1 is a cross section showing a flat type nonaqueous electrolytic primary cell of the 
present invention. A negative electrode 1 formed of lithium metal is pressed against the inner 
surface of a negative electrode current collector 2, and the negative electrode current collector 2 
is fixed to the inner bottom face of a negative electrode can 3 with an approximate n -shaped 
cross section formed of a ferritic stainless steel (SUS430). The peripheral ends of the 
above-mentioned negative electrode can 3 are fixed to the inside of a polypropylene insulating 
packing 4, and a positive electrode can 5 which is formed of a stainless steel and has an 
approximate ^ -shaped cross section opposite that of the above-mentioned negative electrode can 
3 is fixed to the outer periphery of the insulating packing 4. On the inner bottom face of the 
positive electrode can 5, a positive electrode current collector 6 is fixed, and a positive electrode 
7 is fixed to the inner surface of the positive electrode current collector 6. Furthermore, a 
separator 8 impregnated with an electrolytic solution is inserted between the positive electrode 7 
and the above-mentioned negative electrode 1 . 

The above-mentioned positive electrode 7 is manufactured by mixing manganese dioxide 
heat-treated in a temperature range of 350-430°C as active substance, a carbon powder as an 
electroconductive agent, and a fluororesin powder as a binder at a weight ratio of 8:10:5, 
pressurizing this mixture, and heat-treating it at 250-350°C. 

Also, the above-mentioned negative electrode 1 is manufactured with a prescribed size by 
punching a lithium rolled plate. 

Then, as the electrolytic solution, an electrolytic solution in which lithium 
trifluoromethanesulfonate (LiCF 3 S03) as a solute is dissolved at 1 mol/L in a mixed solvent with 
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an equal volume of vinylethylene c arbonatea nd 1,2-dimethoxyethane having chain type 
unsaturated carbon-carbon bonds. 

Hereinafter, a cell assembled by housing these positive and negative electrodes 7 and 1 
and the electrolytic solution in the positive and negative electrode cans 5 and 3 via the separator 
8 is called a cell A of the present invention. Also, for the assembled cell the cell diameter is 
20 mm, the cell thickness is 2.5 mm, and the cell capacity is 130 mAH. 

Comparative Example 1 

A cell was manufactured similarly to the above-mentioned Application Example 1 except 
for using ethylene carbonate having no chain type carbon-carbon bonds instead of the 
above-mentioned vinylethylene carbonate. The cell manufactured in this manner is called 
comparative cell X. ^ ~~ 

Test 1 

In the above-mentioned cell A of the present invention and the comparative cell X, the 
initial discharge characteristics were investigated. The results are shown in Figures 2 and 3. 
Figure 2 shows discharge characteristics when the cells were discharged at a temperature of 25°C 
and at a load of 3 kSl after assembling. Figure 3 shows discharge characteristics when the cells 
were discharged at a temperature of 25°C and a load of 3 kQ after assembling the cells and 
storing them at a temperature of 60°C for 3 months (corresponding to the case where the cells are 
stored at room temperature for 4-5 years). 

As seen from the above-mentioned Figures 2 and 3, equivalent values are shown in the 
initial discharge characteristics of cell A of the present invention and comparative cell X. 
However, in the comparison of the discharge characteristics after storing, it is clear that cell A of 
the present invention exhibits a high discharge voltage for a long time (a difference of about 
10 h), compared with comparative cell X, and the increase of internal impedance is suppressed, 
even after storing for a long time period. 

Also, when the above-mentioned two cells A and X were disassembled after storing for a 
long time period, the negative lithium electrode surface was discolored black in comparative cell 
X, whereas such a phenomenon was not seen in cell A of the present invention. 

From these results, it is thought that the ethylene carbonate reacts with the lithium 
negative electrode during storage of comparative cell X, so that the discharge characteristic after 
storing is lowered. 

On the other hand, it is thought that if vinyle thylene carbonate is used as the solv ent of 
the electrolytic solution, like cell A of the present invention, the electron-donating vinyl group 
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suppresses the reaction between ethylene carbonate and the negative lithium electrode, so that a 
decrease in the discharge characteristic after storing can be prevented. 

Application Example 2 

A cell was manufactured similarly to the above-mentioned Application Example 1 except 
for using LiPF* as the solute of the electrolytic solutionand a mixed solvent with an equal 
volume of 2-vinyl- 1,3-dioxolane an^propy^ chain type unsaturated 

carbon-carbon bonds as the solventS— ^^^^ 

The cell manufactured in this manner is called cell B of the present invention. 



Comparative Example 2 

A cell was manufactured similarly to the above-mentioned Application Example 2 except 
for using 1,3-dioxolane with no chain type unsaturated carbon-carbon bonds as the solvent 
instead of 2-vinyl- 1,3-dioxolane. 

The cell manufactured in this manner is called comparative cell Y. 

Test 2 

The initial discharge characteristics of the above-mentioned cell B of the present 
invention and comparative cell Y and the discharge characteristics after storing were investigated 
under conditions similar those to the above-mentioned Test I. The results are respectively shown 
in Figures 4 and 5. For the above-mentioned Figures 4 and 5, the initial discharge characteristics 
are equivalent in both cells B and Y, however cell B of the present invention is superior to 
comparative cell Y (a difference of about 15 h) in the discharge characteristic after storing. 

Application Example 3 

In the above-mentioned Application Examples 1 and 2, the present invention has been 
explained for nonaqueous primary cells. Next, Application Example 3 which applies to a 
nonaqueous secondary cell is explained. 

The structure of the nonaqueous secondary cell is the same as that of the 
above-mentioned flat primary cell shown in Figure 1; however the difference is the use of 
chargeable manganese oxide as active substance of the positive electrode 7. Also, for the 
electrolytic solution, the difference is the use of an electrolytic solution in which lithium 
trifluoromethanesulfonate as solute is dissolved at 1 mol/L in a mixed solvent with an equal 
volume of vinyleth ylene car b onate and 1 ,2-dimethoxyethane having chain type unsaturated 
carbon-carbon bonds. 

The cell manufactured in this manner is called cell C of the present invention. 
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Comparative Example 3 

A comparative cell Z was obtained similarly to cell C of the present invention except for 
using ethylene carbonate with no chain type unsaturated carbon-carbon bonds instead of 
vinylethylene carbonate of the above-mentioned Application Example 3. 

Test 3 

The characteristics of the above-mentioned cell C of the present invention and 
comparative cell Z were investigated by applying a charge and discharge cycle test. Here, the 
charge and discharge current was 2 mA, and the charge time was 3 h. The number of discharge 
cycles until the terminal voltage reached 2.0 V by repetition of charge and discharge was 
adopted. The results of the cycle test right after assembling the cells are shown in Figure 6, and 
the cycle testing results after storing at 60°C for 3 months are shown in Figure 7. 

From the above-mentioned Figures 6 and 7, it is clear that though the initial cycle 
characteristics are equivalent in both cells C and Z, cell C of the present invention is superior to 
comparative cell Z (a difference of about 25 h) in the cycle characteristic after storing. 

For the present invention, it was confirmed that similar effects are also exerted with 
1,2-dimethoxyethylene, divinyl ether, N-vinylimidazole, vinylamine, and vinylcyclohexane in 
addition to the above-mentioned solvent materials. 

Effect of the invention 

As explained above, according to the present invention, since reaction between the 
solvent and the negative electrode can be suppressed during storage of the cell, the discharge 
characteristic after storing as well as the initial discharge characteristic is good. As a result, the 
performance of nonaqueous electrolytic cells can be markedly improved, so that the industrial 
value of the invention is very high. 

Brief description of the figures 

Figure 1 is a vertical section view showing a cell of the present invention. Figure 2 shows 
the initial discharge characteristics for cell A of the present invention and comparative cell X. 
Figure 3 shows the discharge characteristics after storing for cell A of the present invention and 
comparative cell X. Figure 4 shows the initial discharge characteristics for cell B of the present 
invention and comparative cell Y. Figure 5 shows the discharge characteristics after storing for 
cell B of the present invention and comparative cell Y. Figure 6 shows the initial cycle 
characteristics for cell C of the present invention and comparative cell Z. Figure 7 shows the 
cycle characteristics after storing for cell C of the present invention and comparative cell Z. 
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Cells of the present invention 

Comparative cells 

Negative electrode 

Negative electrode current collector 

Negative electrode can 
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3 Cell A of the present invention 

4 Discharge time (h) 



JUL 
(V) 



» - 



} 



.. . ^ joo x 
Figure 4 



Key: 1 Cell voltage (V) 
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Final discharge voltage (V) 
Cell C of the present invention 
Comparative cell Z 
Number of cycle (times) 
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